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Influence  of  Moisture  Conductivity 
d u r i n g El e c t r o - 0 a ao sis 

* 

A.  V.  Netmhil  and  K.  If.  Polivanov 


In  the  studies  of  electro-osmotic  drainage  and  in  the  interpretation  of 
laboratory  observations  of  electro  osmotic  processes,  the  influence  of  mois  - 
ture conductivity  and  of  thermal  moisture  conductivity  is  usually  not  taken 
into  consideration. 1 Often  this  can  lead  to  mistaken  conclusions,  for  example, 
an  incorrect  estimate  of  the  dependence  of  the  electro  •osmotic  coefficient 
on  the  moisture  content.  In  the  general  case,  the  velocity  of  motion  of  mois- 
ture in  a porous  medium  (soil)  is  determined  from  the  equation 


v = — Ap  grad  A — *e  grad  ? — k.gradip  — A t grad  8, 


(1) 


where  h is  the  piezametric  head,  <p  is  the  electric  potential,  v is  the  abso- 
lute moisture  content,  6 is  the  temperature,  and  Ap,  Ae,  km,  and  At  are  the 
coefficients  of  permeability,  elect ro- 
osmosis,  moisture  conductivity,  and  thermal 
moisture  conductivity,  respectively. 

Moisture  conductivity  is  connected  with 
the  migration  of  the  liquid  phase  of  eater 
under  the  action  of  capillary  pressure. 

Such  as  2 d/r,  where  a is  the  surface  ten- 
sion of  water  on  the  air  boundary  in  a 
model  of  the  system  of  narrow  capillaries  Fig  j Experiment. 1 4i.gr.. 

of  radius  rf  when  there  is  no  artificial  for  determining  electro-osaotic 
hindrance  to  total  wetting.  Thermal  con-  f °S^S.0Tte°«^,iIl4ic2te 

ductivity  of  auisture  is  determined  by  the  direction  of  the  aoveaent  of 

the  displacement  of  moisture  menisci  die  t,>e  ■°*,ture- 
to  the  dependence  of  o (and  therefore  of  2o/r)  on  the  temperature  and  by  the 
vapor  migration  resulting  from  the  dependence  of  the  pressure  of  the  satu- 
rated vapors  on  the  temperature. 

We  shall  exaaiine  the  siaplest  laboratory  apparatus  for  observing  electro  - 
osmosis  under  conditions  of  varying  moisture  (Fig.  1).  Moist  soil  is  placed 
between  the  anode  and  the  cathode,  which  are  flat,  perforated  plates;  the 
soil  is  limited  by  the  walls  of  the  bath,  which  are  at  right  angles  to  the 
surface  of  the  electrodes,  Dy  the  action  of  the  electric  field,  the  auisture 
in  the  soil  moves  from  the  anode  to  the  cathode,  where  the  excess  moisture 
flows  into  a measuring  vessel;  the  aaouait  of  water  indicates  the  velocity  of  the 
motion  of  the  moisture  near  the  cathode.  Water  can  nn  off  only  if  the  anisture  con- 
tent of  the  soil  at  the  cathode  is  not  less  than,  a certain  limiting  value  wji,. 
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If  there  is  no  flow  of  moisture  from  the  inode,  the  moisture  content  of 
the  soil  is  changed  and  the  reduction  in  the  velocity  of  the  displacement  of 
the  moisture  which  is  observed  in  such  a esse  is,  to  a considerable  extent 
(and  even  mainly),  determined  by  the  presence  of  forces  counteracting  mois- 
ture conductivity.  Dus  fact  is  not  usually  taken  into  account,  and  the 
observed  decrease  in  the  amount  of  outflowing  liquid  is  attributed  to  a de- 
crease of  the  electro-osmotic  effect  accompanying  the  decrease  in  the  average 
moisture  of  the  soil. 

We  shall  show  how  the  velocity  of  the  motion  of  moisture  must  change  when 
die  electro-osmotic  coefficient  is  assumed  to  be  constant  but  when  moisture 
conductivity  is  taken  into  consideration. 

It  is  easy  to  set  up  the  differential  equation  of  the  problem  by  adding 
to  Eq.  (1)  the  equation  relating  the  change  in  moisture  content  and  the  di- 
vergence of  the  flow: 


— to-|r  = dlvV. 

where  Y0  is  the  specific  weight  of  completely  dry  soil. 

In  our  one -dimensional  problem  (Fig.  1)  , moisture  content  and  velocity 
depend  on  one  space  coordinate  x.  In  addition,  assuming  that 


(2) 


= 0,  grad  <?  = const, 


shall  write  (2)  as 


dw 

dt 


**  d*w 


(3) 


(4) 


Its  solution  »■  * w(x,  t)  must  satisfy  the  boundary  conditions  that  are  for- 
mulated below. 

I.  We  assuoe  that  at  the  initial  moment  the  moisture  content  is  the  same 
everywhere  and  is  equal  to  w0,  i,  e. , 


w (x,  0)  = w0. 


(5) 


II.  According  to  our  assunption,  there  is  no  flow  of  moisture  to  the  anode; 
hence  v » 0 for  * * I,  or,  in  view  of  (1)  and  (3), 


®L— a 


(6) 


where  E is  the  intensity  of  the  electric  field, 

III.  Until  the  moisture  content  at  the  cathode  (x  * 0)  reaches  the  limiting: 
value,  i.et,  until  *(0,  t)  < the  velocity  at  the  cathode  is  also  zero 

and 


(7) 


IV.  If  at  the  instant  t * the  amisture  content  of  t.ie  soil  near  the 
cathode  readies  the  value  *jiB>  then,  from  this  instant  on,  the  boundary 
condition  for  x = 0 changes  and,  instead  of  (7),  we  have 

w(0,  t)  = wjiB  when  (8) 

The  moisture  content  at  the  cathode  does  not  exceed  the  limiting  value  be  - 
cause the  moisture  runs  off. 
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If  the  initial  Moisture  content  »o  is  less  than  »jjB,  first  one  Must  find 
the  solution  for  the  conditions  in  (5),  (6),  and  (?).  It  is  easy  to  show  the 
following  function  satisfies  (4)  and  the  conditions  stated  above: 


to  (x,  t)  = tp0  + D[~  —xj  — 

’_11H 


L — ■ \\~w  */  J - I. 

- ? Dt  2 L(&-,iy  J «Pt-  (2’ - 1)1®]. 


where 


Fig.  2.  Graphs  shoving  the  dependence 
of  the  velocity  of  vator  runoff  ea  ties., 
f,  theoretical  depeadeace  coapated  free 
(18)  for  vo  « alia:  2,  theoretical  do-  , 

pendonce  c capo  ted  iron  (18)  for  •n*0.9vlis 
aad  Dl  - O.toji,,;  3.  theoretical  deeeed- 
eace  coapated  Iran  (18)  far  v0  a O.Bvlia 
•ad  Dl  « 0.6vi;_.  a.  experianatal  points 
for  »q  * vjia,  " »■  1 v/es*.  Yol*/*»  * 1100 
■in;  a experinental  points  for  v0  * vlin, 

* • 2 v/cv.  Yo**/*.  = UOO  a>. 

Having  detendned  the  value  9 = 0*  it  = tt),  for  which 

we  look  for  a new  solution  ol 

w (x,  t ) when  t = t — > 0. 

Has  solution  Must  satisfy  the  «ewc  basic  equation 
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the  boundary  conditions  (6)  and  (8),  tussely 

D> 


and  the  initial  condition 


W(0,  f)  = >lia. 


w (a  Q)  = w 


(9) 


(9a) 


(10) 

(11) 

(12) 

(13) 

(14) 

(15) 
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This  new  solution  has  the  form 


w (x,  t)  ==»,  i.—  Dx  + 21  /?|»  fin 

H— 1 


— 1)-^-  xrexp  [—  (2|*  — 1)*8]»  (16) 


where 


— km  K* 
6 “ 


The  coefficients  are  determined  by  the  equation 

n a)  + m , 

K* a (2^-1)  + 


*-l 


[4  (2v  — i>  — (2H— 1H  <iv  _ l)f ' 


(16a) 


(17) 


When  *e  know  w(x,  t),  it  ia  easy  to  find  from  (1),  under  the  conditions  (3), 
the  Telocity  of  flow  of  moisture  from  the  cathode; 


t mo — 

00 

= lT*.2(2p-  l)/?aexp[-(2P  - 1)*6].  (18) 

a— l 

Fig.  2 shows  the  v(0,  t)  curves  for  various  values  of  »o/»ii*. 

Wfe  have  disregarded  above  the  thermal  moisture  conductivity  (-ht  grad  6) . 
However,  this  term  can  have  a noticeable  effect  at  high  current  densities. 

In  some  experiments,  for  instance,  a maximum  decrease  of  moisture  is  observed 
in  the  central  region  between  the  cathode  and  the  anode;  this  effect  is 
easily  explained  by  the  fact  that  in  the  same  region  there  is  observed  a 
temperature  maximum  because  of  the  increase  in  heat  transmission  through  the 
surfaces  of  the  electrodes. 

In  other  esses  ( for  instance,  in  reference  5)  the  heating  of  the  soil  near 
the  cathode  results  in  a greater  drying  of  the  soil  near  the  cathode  than  in 
the  soil  farther  from  the  electrodes,  despite  the  action  of  electro  -osmosis. 
Casagrande  does  not  give  the  correct  interpretation  of  the  phenataenon  he 
observed. 
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